Conventional vector control configurations which use a proportional-integral (PI) regulator for the powers DFIGs driven have some drawbacks such as parameter tuning difficulties, mediocre dynamic performances and reduced robustness. So, based on analysis of the DFIG model, fed by a direct AC-AC converter, two nonlinear algorithms: sliding mode and adaptive fuzzy logic is used to control independently active and reactive powers provided by the stator side of the DFIG to the grid. Their respective performances are compared with the conventional PI controller regarding reference tracking, response to sudden speed variation and robustness against machine parameters variations.
INTRODUCTION
Wind energy is the most promising renewable source of Electrical power generation for the future. Many countries promote the wind power technology through various national Programs and market incentives. Wind energy technology has evolved rapidly over the past three decades with increasing rotor diameters and the use of sophisticated power electronics to allow operation at variable speed [1] .
Doubly fed induction generator (DFIG) is one of the most popular variable speed wind turbines in use nowadays. It is usually supplied by a voltage source inverter. However, currently the three phase matrix converters have received considerable attention because they may become a good alternative to voltage-source inverter Pulse-Width-Modulation (PWM) topology. The matrix converter provides bi-directional power flow, nearly sinusoidal input/output waveforms, and a controllable input power factor [2] . Furthermore, the matrix converter allows a compact design due to the lack of dc-link capacitors for energy storage. Consequently, in this work, a three-phase matrix converter is used to drive the DFIG.
Many research works have been presented with different control schemes of DFIG. These control diagrams are usually based on vector control notion with conventional PI controllers as proposed in [3, 4] . The similar conventional controllers are also used to realize control techniques of DFIG when grid faults appear like unbalanced voltages [5, 6] and voltage dips [7] . It has also been shown in [8, 9] that glimmer problems could be resolved with suitable control strategies. Many of these works prove that stator reactive power control can be an adapted solution to these diverse problems.
In recent years, the sliding mode control (SMC) Methodology has been widely used for robust control of nonlinear systems. Sliding mode control, based on the theory of variable structure systems (VSS), has attracted a lot of research on control systems for the last two decades. It achieves robust control by adding a discontinuous control signal across the sliding surface, satisfying the sliding condition. Nevertheless, this type of control has an essential disadvantage, which is the chattering phenomenon caused by the discontinuous control action. In order to overcome these difficulties, several modifications to the original sliding control law have been proposed, the most popular being the boundary layer approach [10] .
Fuzzy logic is a technology based on engineering experience and observations. In fuzzy logic, an exact mathematical model is not necessary because linguistic variables are used to define system behavior rapidly.
This work is organized as follows. We briefly review the modelling of the device studied in Section II. In Section III we present the field oriented control of the DFIG. Section IV provides the control of stator active and reactive powers of the DFIG by using three different controllers: PI, SMC and AFLC. In Section V, The three controllers are compared regarding reference power tracking, sensitivity to perturbations and robustness against machine parameters variations. Finally, a summary of the results is presented in the Conclusion.
II. SYSTEM MODELING

A. Wind turbine model
For a horizontal axis wind turbine, the mechanical power captured from the wind is given by [11] :
where, R is the radius of the turbine (m), ρ is the air density (kg/m 3 ), v is the wind speed (m/s), and C P is the power coefficient which is a function of both tip speed ratio λ, and blade pitch angle β (deg). In this work, the C P equation is approximated using a nonlinear function according to [12] .
The tip speed ratio is given by: 
where Ω t is the angular velocity of Wind Turbine.
B. The matrix converter model
The matrix converter performs the power conversion directly from AC to AC without any intermediate dc link. It is very simple in structure and has powerful controllability.
The converter consists of a matrix of bi-directional switches linking two independent three-phase systems. Each output line is linked to each input line via a bi-directional switch. Fig. 1 shows the basic diagram of a matrix converter. 
(4) The mathematical expression that represents the operation of the matrix converter in figure 1 can be written as:
To determine the behavior of the matrix converter at output frequencies well below the switching frequency, a modulation duty cycle can be defined for each switch. 
The variables k mn are the duty cycles of the nine switches S mn and can be represented by the duty-cycle matrix k. In order to prevent a short circuit on the input side and ensure uninterrupted load current flow, these duty cycles must satisfy the three following constraint conditions:
The high-frequency synthesis technique introduced by Venturini (1980) and Alesina and Venturini (1988) , allows a control of the S mn switches so that the low frequency parts of the synthesized output voltages (V a , V b and V c ) and the input currents (i A , i B and i C ) are purely sinusoidal with the prescribed values of the output frequency, the input frequency, the displacement factor and the input amplitude. The output voltage is given by :
The running matrix converter with Venturini algorithm generates at the output a three-phases sinusoidal voltages system having in that order pulsation ω m , a phase angle θ and amplitude δ.V s (0 < δ < 0.866 with modulation of the neural) [13] .
C. Doubly fed induction generator modeling
For a doubly fed induction machine, the Concordia and Park transformation's application to the traditional a, b, c model allows to write a dynamic model in a d-q reference frame as follows: The stator and rotor angular velocities are linked by the following relation : ω s = ω + ω r . This electrical model is completed by the mechanical equation:
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where the electromagnetic torque C em can be written as a function of stator flux and rotor currents:
III. FIELD ORIENTED CONTROL OF THE DFIG
In order to easily control the production of electricity by the wind turbine, we will carry out an independent control of active and reactive powers by orientation of the stator flux.
Since the stator is directly connected to the grid and the stator flux can be considered constant, and if the voltage dropped in the stator resistance has been neglected, the voltage equations, flux equations, currents equations and stator active and reactive powers equations can be simplified in study state as: If the stator flux is linked to the d-axis of the frame we have:
And the electromagnetic torque can then be expressed as follows:
by substituting Eq. 18 in Eq. 15, the following rotor flux equations are obtained:
In addition, the stator voltage equations are reduced to:
By supposing that the electrical supply network is stable, having for simple voltage V s , that led to a stator flux ψ s constant. This consideration associated with Eq. 19 shows that the electromagnetic torque only depends on the q-axis rotor current component. Using Eq. 20, a relation between the stator and rotor currents can be established:
The stator active and reactive powers are written:
By using Eqs. 14, 15, 12 and 22, the statoric active and reactive power, the rotoric fluxes and voltages can be written versus rotoric currents as:
In steady state, the second derivative terms of the two equations in 26 are nil. We can thus write:
The third term, which constitutes cross-coupling terms, can be neglected because of their small influence. These terms can be compensated by an adequate synthesis of the regulators in the control loops.
IV. CONTROLLERS SYNTHESIS
In this section, we have chosen to compare the performances of the DFIG with three different controllers: PI, SMC and AFLC.
Based on relations (23) and (25), the control system can be designed as shown in Fig. 2 . The blocks R 1 , R 2 , R 3 and R 4 represent respectively the stator powers and the rotor currents regulators.
A. PI controller synthesis
This controller is simple to elaborate. Figure 2 shows the block diagram of the system implemented with this controller. The terms k p and k i represent respectively the proportional and integral gains. The quotient B/A represents the transfer function to be controlled, where A and B are presently defined as follows:
The regulator terms are calculated with a polecompensation method. The time response of the controlled system will be fixed at 10 ms. This value is sufficient for our application and a lower value might involve transients with important overshoots. Fig. 3 shows the system with PI controller, the calculated terms are: It is important to specify that the pole compensation is not the only method to calculate a PI regulator but it is simple to elaborate with a first-order transfer-function and it is sufficient in our case. 
B. Sliding mode controller (SMC)
The sliding mode technique is developed from variable structure control to solve the disadvantages of other designs of nonlinear control systems. The sliding mode is a technique to adjust feedback by previously defining a surface. The system which is controlled will be forced to that surface, then the behavior of the system slides to the desired equilibrium point.
The main feature of this control is that it only needs to drive the error to a "switching surface". In this study, the errors between the measured and references stator powers have been chosen as sliding mode surfaces, so the following expression can be written [14] .
the first derivative of Eq. (29), gives:
we replace (23) in (30), we obtain: , we find equivalent command I dr-eq and I qr-eq : To obtain good executions, dynamics and commutations around surfaces, the control vector is written as follows:
The sliding mode will exist only if the following condition is verified:
C. Adaptive fuzzy logic controller (AFLC)
Gain scheduling means a technique where PI controller parameters are tuned during control of the system in a predefined way [15] , it enlarges the operation area of linear controller (PI) to perform well also with a nonlinear system. The diagram of this technique is illustrated in Fig. 4 . The fuzzy inference mechanism adjusts the PI parameters and generates new parameters during process control, so that the fuzzy logic adapts the PI parameters to operating conditions based on the error and its first time difference. The parameters of the PI controller used in the direct chain K p and K i are normalized into the range between zero and one by using the following linear transformations [16] :
The inputs of the fuzzy adapter are: The error e and the derivative of error de, the outputs are: the normalized value of the proportional action K' p and the normalized value of the integral action K' i . The membership functions for e inputs and de are defined in the range [-1, 1] (Fig. 5 ). And memberships functions for the outputs are defined in the interval [0, 1] (Fig. 6 ). The fuzzy rules may be extracted from operator"s expertise or based on the step response of the process [15] . The tuning rules for K' p and K' i are given in Tables 1 and 2 respectively. Once the values K p and K i obtained the new parameters of the PI controller are calculated by the equations:
In this section, simulations are realized with a 7.5 KW generator coupled to a 380V/50Hz grid. Parameters of the machine are given in appendix A. With an aim to evaluate the performances of the three controllers: PI, SMC and AFLC, three categories of tests have been realized: pursuit test, sensitivity to the speed variation and robustness against machine parameter variations.
A. Reference tracking
The objective of this test is the study of the three controllers" behavior in reference tracking, while the machine"s speed is considered constant and equal to its nominal value. The simulation results are presented in Fig. 7 . As it"s shown by this Figure, for the three controllers, the stator active and reactive powers tracks almost perfectly their references but with an important response time for the PI controller compared to the other controllers. On the other hand it can be noticed that the SMC ensures a perfect decoupling between the two axis, nevertheless a clear coupling effect is appear on the curves with PI and AFLC. Therefore it can be considered that the SMC have a very good performance for this test. In addition, through this same figure we notice that the two components of rotor current have forms that reflect Eq. 23.
B. Sensitivity to the speed variation
The aim of this test is to analyze the influence of a speed variation of the DFIG on active and reactive powers for the three controllers. For this objective and at time = 0.04s, the speed was varied from 150 rad/s to 170 rad/s (Fig. 8 ).
The simulation results are shown in Fig. 9 . This figure express that the speed variation produce a slight effect on the powers curves of the system with PI and AFLC controllers, while the effect is almost negligible for the system with SMC one. It can be noticed that this last has a nearly perfect speed disturbance rejection, indeed; only very small power variations can be observed (fewer than 2%). This result is attractive for wind energy applications to ensure stability and quality of the generated power when the speed is varying.
(IJACSA) International Journal of Advanced Computer Science and Applications, Vol. 7, No. 2, 2016 460 | P a g e www.ijacsa.thesai.org
C. Robustness tests
To test the robustness of the controllers used, parameters of the machine have been modified: the values of the rotor and the stator resistances R r and R s are multiplied by 2, while the values of inductances L r , L s and M are divided by 2. The machine is running at its nominal speed. The results presented in Fig. 10 show that parameter variations of the DFIG present a clear effect on the power curves (their errors curves) and that the effect appears more significant for PI and AFLC controllers than that with SMC one. Thus it can be concluded that this last is the most robust controller used in this work. 
VI. CONCLUSIONS
The modeling, the control and the simulation of an electrical power conversion system based on a DFIG connected directly to the grid by the stator and fed by a matrix converter On the rotor side has been presented in this paper. The objective was the implementation of a robust decoupled control the system of active and reactive powers generated by the side stator of the DFIG, to ensure of the high performance and a better execution of the DFIG, and to make the system insensible with the external disturbances and the parametric variations. In the first step, we started with a study of modeling on the matrix converter controlled by the Venturini modulation technique, because this later present a reduced harmonic rate and the possibility of operation of the converter at the input Unit power factor. The second step, we adopted a vector control strategy to control active and reactive power Exchanged between the stator of the DFIG and the grid. In third step, three different controllers are synthesized and compared. Regarding power reference tracking with the DFIG in ideal conditions, the SMC ensures a perfect decoupling between the two axes comparatively to the other controllers where the coupling effect between them is clear.
When the machine"s speed is modified, a slight effect is appeared on the powers curves of the system with PI and AFLC controllers, while the effect is almost negligible for a system with SMC one. A robustness test has also been investigated where the machine"s parameters have been modified. These changes induce some disturbances on the power responses but with an effect almost doubled with the PI And AFLC controllers than on that with SMC one. Basing on all these results we conclude that robust control method as SMC can be a very attractive solution for devices using DFIG such as wind energy conversion systems. 
APPENDIX
